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Question 1 [7 Marks] 


(a) 


Let Y; follow a Binomial(n,,p,) distribution and Y2 follow a Binomial(ng, po) 
distribution; assume Y; and Y2 are independent. Let p; = Yi/n; and po = 
Y2/nz. Recall that the expected value and variance of a Binomial(n,p) are np 
and np(1 — p). 


(i) Show that E(p, — po) = pi — po. [1 Mark] 


(ii) Show that V(p1 — po) = pi(1 — pi)/ni + pa(1 — p2)/n2 [2 Marks] 


Many patients undergoing treatment for substance abuse begin taking drugs again 
within 12 months, and one measure of a successful treatment is based on the pro- 
portion of patients who are drug-free 12 months after treatment. In a study of 
the effect of EEG biofeedback training on drug treatment (Scott et al. 2005, The 
American Journal of Drug and Alchohol Abuse), patients were randomly assigned 
to a control treatment (the Minnesota Model 12-step program) or an experimental 
treatment (the Minnesota Model 12-step program plus EEG biofeedback train- 
ing). In the control group, 12 of 27 patients were drug-free 12 months after 
treatment, while, in the experimental group, 36 of 47 patients were drug-free 12 
months after treatment. Let po be the proportion of patients drug-free after 12 
months in the control group and pg be the proportion of patients drug-free after 
12 months in the experimental group 


(i) Calculate a 95% confidence interval for pz—po (using the CLT and formulae 
from (a-i) and (a-ii)) [2 Marks] 


(ii) From the confidence interval in (i), what conclusions can be drawn about 
treatment effectiveness? [2 Marks] 


Question 2 [4 Marks] 


Let Yi, Yo, ..., Yn be a random sample from a Beta(0,6@) distribution, with pdf 


(a) 


(b) 


T(26 > = 
mane a=W, Osvst 
Given E(Y) = 1/2 and E(Y?) = TUEENE find Var(Y). [1 Mark] 


Show that the method of moments estimator for 6 is (n —2 5° Y,?)/(45° Y?—n). 
[3 Marks] 
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Question 3 [11 Marks] 


Suppose X ~ Binomial(n,@) with probability mass function 


p(x) = (er (1—a)"* 
(a) Show that the MLE estimate of @ is 6 = X/n [3 Marks] 


(b) Show that @ is a consistent estimator for 0. [3 Marks] 


Let @ ~ Beta(a, 3) be the prior distribution for 0, or 


pO) = FaRAe A — 8) 


(c) Show that the posterior for @ is p(6|X) ~ Beta(a+X,8+n—X) — [3 Marks] 


(d) Given that the Bayesian point estimate of @ is 6p = (at X)/(at+6+n), calculate 
Var(@z3) and Bias(6z). [2 Marks] 


Question 4 [3 Marks] 


Two species of small marsupials (brush-tailed mulgara and pilbara ningaui) can use 
one of four plant types (type A, type B, type C, type D) for cover to protect against 
predators. Attendance patterns for the two marsupial species at the different plant 
types is presented in the following table: 


Plant Type 
Species A B C D 
mulgara 10 17 21 37 
ningaui 12 8 15 10 


Pearson’s Chi-squared test 


X-squared = 8.4221, df = ___, p-value = 0.03805 


(a) How many degrees of freedom are there for this Chi-Square Test? [1 Mark] 


(b) Calculate the expected number of ningaui who would associate with plant type 
C under the null hypothesis. [1 Mark] 


(c) The p-value for this test is 0.038. Interpret. [1 Mark] 
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Question 5 [8 Marks] 


Ion-selective electrodes (ISEs) are low-cost electrochemical sensors that can be used to 
measure the concentration of various molecules at very low concentrations. Above a 
certain range, an ISE measures a voltage (y) that increases linearly with logio9x, where 
x is the concentration. 


The results of a linear regression of logi9x (log10x) versus voltage (y, measured in mV) 
are shown below for an ISE that measures lead concentration: 


Coefficients: 

Estimate Std. Error t value Pr(>|t|) 
(Intercept) -22.6584 2.0104 -11.27 1.01e-08 **x 
log10x 28 . 3206 0.4806 58.93 < 2e-16 *** 


Signif. codes: O *** 0.001 ** 0.01 * 0.05 . 0.1 1 


Residual standard error: 2.427 on 15 degrees of freedom 
Multiple R-squared: 0.9957, Adjusted R-squared: 0.9954 
F-statistic: 3473 on 1 and 15 DF, p-value: < 2.2e-16 


(a) Write down the regression equation relating log,9x to voltage (y). [1 Mark] 


(b) Calculate the 95% confidence interval for the slope. Use t* = 2.13. You may 
assume that the regression assumptions have been met. [2 Marks] 


(c) Interpret the slope and confidence interval. [2 Marks] 


(d) What is the predicted lead concentration when the voltage = —135.9 mV? 
[1 Mark] 


(ce) One of the assumptions of the linear regression model is that the residuals are 
independent. Sketch a residual plot where this assumption is violated. /1 Mark] 


(f) Given the degrees of freedom of the F-statistic, what was the size (n) of the 
dataset? [1 Mark] 
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Question 6 [7 Marks] 


An additive is given to the diet of n = 50 cows. The levels of the additive are 0, 0.1%, 
0.2%, or 0.3%. It is hoped that the additive will increase the level of milk fat. It is also 
thought that age and the initial weight of the cow may play a role in the production 
of milk fat. 


The variables are Y (% increase in milk fat), 7; (additive %), x2 (age in months), and 
x3 (initial weight in kg). Data for the first few cows follows: 


Y vy =v X3 
3.88 0 49 618 
340 0 47 681 
344 0 36 575 


A researcher considers three models (M1, M2, M3), where: 


M1: Y= Bo By x1 E 


M2: Y = Bo + 6121 + Borg +€ 


M3: Y = 69 + 121 + Bote + P3x3 + € 


(a) How many residual degrees of freedom are there for M3? [1 Mark] 


(b) M83 can be re-written in matrix format as Y = X{. Write @ and the first three 
rows of the design matrix X. [2 Marks] 


(c) For M1, a 95% prediction interval was estimated for x} = 0.1 as (2.59, 4.36). 
Interpret this prediction interval. [2 Marks] 


(d) In order to achieve 5% milk fat, the regression equation from the best-fitting 
model predicts that a 45 month-old cow would need 0.8% additive. Explain why 
this prediction might be misleading. [1 Mark] 


(ec) R? = 0.26 for the best-fitting model. Interpret R?. [1 Mark] 


STAT261 Trimester 2, 2015 


Question 7 [10 Marks] 


(a) 


In a randomised block design, for 7 = 1,2,...,k and 7 = 1,2,...,0, 
Yig = Mt T+ By t+ Ey 


where Yj; is the observation on treatment 7 in block j, yz is the overall mean, 7; 
is the nonrandom effect of treatment 7, where oF 7; = 0, 8; is the nonrandom 
effect of block 7, where ey GB; = 0, and the independent random error terms 
big ™ N(O, es): 


Ley ya = ; ae Y;; denote the average of all responses in treatment 7. 
(i) Show that Y; =p+7+ ; Ben Ei [2 Marks] 


(ii) For treatments i and i’ where i 4 7’, show that E(Y;. — Yy.) = 7% — Ty 
[2 Marks] 


(iii) Show that V(Y;. — Yy.) = 207/b [2 Marks] 


A randomised block experiment was conducted to examine the treatment effect 
of three methods of soil preparation (A: no preparation, B: light fertilisation, C: 
burning) on pine seedling growth (Y, measured in cm). There were four locations 
(11, L2, £3, L4) treated as blocks due to possible differences in soil quality. Each 
location was then divided into three plots, with each method of soil preparation 
randomly assigned to a plot in each location. 


Recall that a 95% confidence interval for the difference of treatment means is 
given by Y;. — Yu. + tas28/2/b 


(i) What are the total sample size and residual df for this experiment? /1 Mark] 


(ii) Calculate the 95% confidence interval for the difference between light fer- 
tilisation (method B) and burning (method C) if Yg. = 14.5, Ye. = 10.5, 
s= 1.6, and t,o = 2.45. [1 Mark] 


(iii) How many locations would be needed to estimate the difference in mean 
growth between any two soil preparation methods to within 1 cm? (use 
tajo © 2 and s = 1.6; treat ‘within’ as referring to the distance between the 
point estimate and the upper limit of the confidence interval). [1 Mark] 
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Formulae are given on page 8 


Please remember: This examination question paper MUST BE HANDED IN. Failure 
to do so may result in the cancellation of all marks for this examination. Writing your 
name and number on the front will help us confirm that your paper has been returned. 
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